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ABSTRACT 
Surfactant protein A (SP-A) is necessary in the formation of tubular myelin, 
the precursor to pulmonary surfactant (PS) films at the alveolar fluid-air interface. 
However, the exact role of SP-A in the physicochemical properties of PS fllms is not 
understood. Epifluorescence and electron microscopy were used to investigate the 
interaction of SP-A, and its structural homolog, Clq, with PS. Molecular films of PS 
lipid extract (PSLE) containing 1 mol% fluorescent probe (NBD-PC) were spread 
onto a saline subphase (145 mM NaCI, 5 mM Tris-HCI, pH 6.9) containing 0, 0.13, 
0.16 or 0.20 JLglmL SP-A as well as 0, 1.64 or 5 mM CaCI2 in the subphase. 
Monolayers were compressed at a slow rate (the initial rate was 0.0089 
A2/molecule/second) and film features were recorded. No differences were noted in 
PSLE monolayers in the absence or presence of Ca2 +. Circular probe-excluded (dark) 
domains were observed against a fluorescent green background at low surface 
pressures (r -5 mN/m). The domains grew in size with increasing 1r until 1r ~ 25 
mN/m, then diminishing domain size was observed. The amount of dark phase was 
maximized at 1r -25 mN/m (at 18% of the initial film area}, then decreased to -
3% when 1r reached -40 mN/m. The addition of 0.16 or 0.20 /Lg/mL SP-A with 0 
or 1. 64 mM Ca2 + in the subphase caused a reorganization of dark domains into a 
loose network, and the maximum amount of dark phase was increased (25%) between 
1r 10- 28 mN/m. Monolayer features in the presence of 5 mM Ca2 + and SP-A were 
not significantly different from that of PSLE monolayers alone. This effect may be 
ii 
due to a self-association and aggregation of SP-A in the presence of higher 
concentrations of Ca2+. PSLE films were spread onto a subphase containing 0.16 
/lg/mL Texas-Red SP-A (TR-SP-A)~ a fluorescent analog of SP-A, in the presence or 
absence of 5 mM Ca1 + to determine the location of the protein in the monolayer. In 
the absence of Ca1 +, TR-SP-A associated with the reorganized dark phase lipid 
(probe-excluded domains). The presence of 5 mM Ca1 + resulted in an aggregation of 
TR-SP-A in the fluid phase and fluid/gel phase boundaries of the monolayer. The 
interaction of PSLE monolayers with Clq was investigated by adding 0.16 ttglmL of 
this protein to the subphase in the presence or absence of l.64 mM Ca2 +. Monolayer 
surface texture was reorganized in a manner similar to that when SP-A was present, 
but the total amount of dark phase recorded (- 12% at 1r between 15-25 mN/m) was 
less than that observed in PSLE films in the presence of SP-A. The effect of C1q on 
the surface texture of PSLE ftlms was similar to that of SP-A, hence the oligomeric 
structure of these C-type lectin proteins may have some impact on PSLE film 
organization. This study suggests that SP-A associates with PSLE monolayers, 
particularly gel-phase lipid, and results in some reorganization of gel-phase lipid in 
surfactant monolayers. 
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CHAPTER I 
INTRODUCTION 
1.1 Pulmonary Surfactant 
Pulmonary surfactant (PS) is a heterogeneous material found at the interface 
between the air and the liquid layer covering the epithelial cell lining and in the 
aqueous lining layer of the lung. The main function of PS is to reduce surface 
tension (y) in the lung, especially at low lung volumes. This effect allows the 
stabilization of terminal airways by preventing alveolar collapse at low 
transpulmonary pressures and reduces the work involved in breathing. PS reduces 
the surface tension at the alveolar-air interface by forming what has conventionally 
been considered to be a monomolecular film on the alveolar fluid (hypophase) 
surface. 
The reduction of surface tension at the alveolar fluid-air interface is crucial 
for normal lung function. Infants born prematurely lack sufficient amounts of 
pulmonary surfactant and Respiratory Distress Syndrome (RDS) is the consequence 
of this deficiency. Surfactant replacement therapy is now commonly used to reduce 
mortality in prematurely born infants suffering from RDS. Adults who suffer major 
trauma or systemic infection may acquire Adult Respiratory Distress Syndrome 
(ARDS) due to a loss of surfactant function (Jobe, 1993; Jobe and Ikegami, 1987). 
There is a continuing interest in the potential use of artificial surfactants in treatment 
of ARDS. 
1.2 Pulmonary Surfactant Composition 
Pulmonary surfactant consists of a complex mixture of lipids and proteins. 
Typical mammalian surfactant isolated through bronchoalveolar lavage consists of 
about 90% lipids and 1 0% protein by weight. The specific lipid and protein 
components of typical mammalian lung surfactant as compiled from previous data 
(Dobbs., 1989; Van Golde., 1988; Wright and Clements.. 1987) are illustrated in 
figure 1. The combination of specific quantities of surfactant components may result 
in various morphological structures such as lamellar bodies and tubular myelin. 
1.2.1 Surfactant Lipids 
The major component of PS by weight is lipid (90% ). Phospholipid (PL) 
comprises 70-80% of this lipid component. Phosphatidylcholine (PC) is the most 
abundant phospholipid, with dipalmitoyl phosphatidylcholine (DPPC) making up 
about 60% of the PC. The remainder of the PC component consists of unsaturated 
lipid. Phosphatidylglycerol (PG) and phosphatidylinositol (PI) are also abundant in 
PS, comprising 1 0-15% of the total phospholipid weight content. In addition., 
phosphatidylethanolamine (PE) comprises 2-3% of the lipid content. Small amounts 
of sphingomyelin (SM), lysophosphatidic acid and lysophosphatidylcholine, and 
neutral lipids such as cholesterol, cholesterol ester, diacylglycerol, triacylglycerol .. 
and free fatty acids make up the fmal 5-10% of PS lipid content (Dobbs .. 1989; Van 
neutral lipid 
IV7~ 
unsaturated 
PC -30% 
DPPC 
IV38~ 
PI IV2.5~ 
PE IV2.5~ 
SP-8 and 
SP-C IV2~ 
Weight Composition of typical 
mamma lien pulmonary surfactant 
Figure 1. The typical composition of mammalian pulmonary surfactant 
as compiled from previous data (Dobbs., 1989; Van Golde, 1988; Wright and 
Clements. 1987). The abbreviations used are: SP-A, surfactant-protein A; SP-B. 
surfactant-protein B; SP-C. surfactant-protein C; PC., phosphatidylcholine; DPPC. 
dipalmitoylphosphatidylcholine; PG., phosphatidylglycerol; PI., phosphatidylinositol; 
PE, phosphatidylethanolamine. 
Golde~ 1988; Wright and Clements, 1987). 
Given the unusually high levels of DPPC and PG, the overall lipid 
composition of PS is significantly different from other tissues in the body. The high 
levels of DPPC and PG suggest a role for these lipids in PS function. DPPC is 
thought t'J be the component responsible for the stabilization of surface tension in 
the lung at low volumes. The amphipathic nature of phospholipids such as DPPC 
enables the formation of monomolecular films at the alveolar fluid-air interface. The 
hydrophillic polar headgroup of DPPC associates with the hypophase of the alveoli, 
while the saturated acyl chains of the phospholipid extend into the air. During 
exhalation, the reduction in area of the alveolar lining-air interface causes the 
saturated acyl chains of DPPC to come close together. As a result., surface tension 
is reduced at low lung volumes and the alveolar-air interface is stabilized (Keough~ 
1992; Wang et al.., 1995). However, studies have shown that DPPC adsorbs very 
slowly to an air-fluid interface and does not readily respread at the surface after 
monolayer collapse. It has been suggested that anionic and unsaturated lipids, as 
well as surfactant proteins, aid in surfactant adsorption and respreading at the surface 
(Fleming and Keough~ 1988; Wang et al., I 995; Wang et al., I 996). The PG content 
of mammalian lung surfactant is much higher (5-1 0%) than those found in other 
tissues, yet the exact role of this lipid in PS function is not understood. 
1.2.2 Protein Component of Surfactant 
Pulmonary Surfactant contains approximately 10% protein by weight. There 
have been four proteins isolated and characterized by their association with PS. The 
accepted nomenclature of the surfactant associated proteins is surfactant protein A., 
B, C., and D (Possmayer, 1988). Surfactant protein A (SP-A) and surfactant protein 
D (SP-0) are large glycoproteins that belong to the C-type (Ca1• dependent) lectin 
superfamily. Surfactant protein B {SP-B) and surfactant protein C {SP-C) are small 
hydrophobic proteins that are highly soluble in organic solvents such as 
chloroform/methanol mixtures. 
Surfactant protein A .. the surfactant-associated protein of greatest component 
by weight {-8 wt%)., was the frrst to be isolated and characterized. SP-A consists of 
monomers of about 228 amino-acids having a molecular weight of 28-36 kDa 
(Hawgood, 1989). Each peptide contains four distinct domains: an amino terminus 
containing a cysteine residue for disulfide links, a collagen-like domain consisting of 
Gly-X-Y repeats, a short hydrophobic neck region. and a globular carbohydrate 
recognition domain (CRD). The CRD region of SP-A contains anN-linked 
glycosylation site and varying monomeric molecular masses (28-36 kDa) is a 
consequence of glycosylation differences among monomeric units. Each CRD 
region contains one carbohydrate binding site and two high affinity Ca2• binding 
sites. It is suspected that one Ca2• site is located in the carbohydrate binding site. A 
triple-helix subunit is formed from peptide trimers, and six of these subunits form a 
large quaternary structure reminiscent of a flower bouquet totalling 18 monomeric 
units (King et al., 1989). The collagen-like triple helices form the stalk and the 
globular CRD domains are the "flowers". The overall structural organization of SP-
A (see figure 2) is very similar to that of C1q~ another member of the C-type lectin 
superfamily and a component of the complement system (Haagsman et al.., 1989; 
Johansson and Curstedt., 1997; Kuroki and Voelker. 1994~ Voss et al .. 1988). 
Many studies have indicated a role for SP-A in PS regulation and function. In vitro 
studies have shown that SP-A interacts with gel-phase lipids. especially DPPC .. and 
this interaction is dependent upon the sn-2 positioned acyl chain of the phospholipid 
(PL) (Casals et al ... 1993; Kuroki and Akino. 1991 ). SP-A .. in the presence of Ca2- is 
crucial in the conversion of PS lamellar bodies into tubular myelin (TM) (Benson et 
al. .. 1984~ Suzuki et al ... 1989: Williams et al ... 1991 ). It has been shown that PL 
aggregation in the presence of Ca1• is enhanced with SP-A in a reversible manner 
(Hawgood et al . ., 1985). This phenomena may be relevant to TM formation 
(Haagsman et al., 1990; Meybloom et al . ., 1997). Yet recent studies have indicated 
that the mechanism of SP-A-mediated lipid aggregation differs from that of PL 
binding (McCormack et al.. 1994). It has been proposed that occupancy of the high 
affinity CRD Ca1 ~ binding site results in a conformational change in SP-A structure. 
yet SP-A self-association and aggregation may require the occupation of both Ca1 -
binding sites (Haagsman et al., 1990). However PL aggregation, as mediated by SP-
A is not related to the self-association of SP-A molecules in the presence of Ca1• 
(Ruano et al . ., 1996). The secretion of PS components from type II cells and the 
subsequent "recycling" of these components back to the type II cell is regulated by 
SP-A (Dobbs et al., 1987; Kuroki et al., 1996; Ryan et al . ., 1989; Wright et al., 1987; 
Wright et al., 1989; Young et al., 1989). 
- -,.._..., 
-if ~-· 
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Fiaure 2. Tbt organization ofSP·A monomers. SP·A monome-rs con1ist of four 
domains: an amino tt:rmi:nus, a collagenous domain., a ntdt rqion, a.nd a 
urboh)drltt rtcognition domain. Tbt (Oifagtnous domains oftbt mooomerk units 
promotestht formation oftriplt hdi<es {dtnottd trimtr). Tht final >tructurt ofSP-
A is an OC':tadtumtr that is reminisuoc of a Oo"'tr bouqutt.lredrawo from Kuroki 
ond Votlktr,(1994), with tbe kind ptrmitsion ofouthor). 
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The role of SP-A in the physicochemical properties of PS is not fully 
determined. SP-A may accelerate the transfer of PS lipid to the air-hypophase 
interface in the presence of the hydrophobic surfactant proteins 8 and C (Chung et 
al . ., 1989; Schiirch et al . ., 1992; Yu and Possmayer, 1993). The anionic nature of 
certain PS lipids, especially PG, does not promote mixing with acidic SP-A in 
spread monolayers at physiological pH, unless in the presence of Ca2+ (Taneva et al . ., 
1995). Studies have indicated that SP-A and PS neutral lipids may reorganize DPPC 
in adsorbed PSLE films~ and may also assist in the formation of a DPPC-rich 
reservoir below the monolayer surface (Yu and Possmayer~ 1996). Others have 
shown that genetically altered mice lacking the SP-A protein display normal 
breathing (Korfhagen et al.., 1996), suggesting that SP-A is not vital for respiratory 
function. 
The C-type lectin superfamily of proteins, such as SP-A and C 1 q, are 
commonly involved in immune response. The structural organization of this protein 
class may be an important factor in the interaction of collectins with immune cells 
and pathogens (Wright, 1997). Others have shown that SP-A, not unlike C I q, 
enhanced phagocytosis by macrophages during the immune response. However, SP-
A can not mimic C1q in the initiation of the classical complement cascade, nor can 
Clq stimulate lipid uptake by type II pneumocytes (Tenner et al., 1989). 
The hydrophobic surfactant-associated proteins, SP-B and SP-C., make up 
about 1-2 wt% of PS composition. SP-B monomers contain 79 amino-acids having 
a molecular weight of 8. 7 kDa. The monomer is comprised of many basic amino-
acid residues~ and it is cysteine-rich. SP-8 exists as a homodimer held by disulfide 
links and has a secondary structure of about 50% a-helices and 20% B-sheet. The 
many basic amino-acid residues allow for specific interactions with anionic and 
neutral lipid, and as a consequence SP-B may localize at the surface of lipid 
domains (Morrow et al.~ 1993). SP-C is a lipoprotein of 33-35 amino-acids and it is 
acylated with palmitoyl groups. The secondary structure of SP-C is 60-90% a-
helical with the major portion of the helix being formed by hydrophobic amino-
acids., thereby enabling this molecule to be a transmembrane protein (Beers and 
Fisher, 1992; Vandenbussche et al., 1992). SP-C orients itself parallel to lipid acyl 
chains in bilayers and the basic N-terminus of SP-C is able to interact with anionic 
PG (Keough, 1992; Keough et al., 1992). The PS associated hydrophobic proteins .. 
in conjunction., have been shown to enhance PS lipid adsorption and respreading. 
Yet individually, SP-B is more efficient at these tasks than SP-C (Taneva and 
Keough, 1994). All hydrophobic components, both lipid and protein. can be 
extracted from PS using chloroform/methanol solvent mixtures. 
1.3 Pulmonary Surfactant Life Cycle 
The "life-cycle" of PS involves a series of dynamic processing and 
transformation steps. The processing of surfactant materials occur in both the type 
II pneumocyte found in the alveolar epithelial lining and the extracellular fluid 
(hypophase) that bathes the epithelium. Figure 3 illustrates the PS "life-cycle" in the 
lung. Surfactant materials are synthesized in the endoplasmic reticulum of the type 
surface film 
N• nucleus 
LB • lamellar body 
TM • tubular myelin 
Type II cell 
RER • rough endoplasmic reticulum 
l'ogun: l The "hfe-<:yde" of pulmonat) surfa.:woL (~• nu.:leu\. RI'R= rough 
codopla.<nu~ n:t•<,.lum: LB= lamellar body: U l= tubul.or m)ehn: SF= surface film). 
The hgurc "noo dno"n 10 !ICale. [redrawn from Wngblllod Oemenos. (1987). \\1th the 
I<Ond petmo'-\!On of aulhor). 
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II cell. Surfactant lipids and proteins are processed further in the golgi complex .. 
then secreted as lamellar bodies. The lamellar bodies are exocytized from the type 
II cell into the hypophase (Stratton., 1978). The SP-A content of these lamellar 
bodies is low (Oosterlaken-Dijksterhuis et al.., 1991; Froh et al." 1990) and it is 
suspected that SP-A is secreted from type II cells into the hypophase by another 
pathway. An unusual morphological form of surfactant., known as tubular myelin 
(TM)., occurs in the hypophase and likely results from a specific interaction between 
the lamellar body and SP-A in the presence of Ca2- (Williams et al ... 1991, Benson et 
al." 1984). It is widely believed that TM is the direct precursor to the monolayer 
form of surfactant as TM rapidly adsorbs to the hypophase-air interface. This rapid 
formation of the surfactant monolayer is very important to lung function. Cyclic 
compression and expansion of the lung may result in the exclusion of PS 
components from the monolayer into the hypophase, and then the components are 
recycled by the type II pneumocyte (Williams, 1992; Wright and Clements, 1987). 
1.4 Molecular Films 
Molecular or Langmuir-Blodgett film systems have been used extensively in 
the study of surface properties of PS. Monolayer studies provide information about 
two-dimensional phase behaviour of lipid-lipid and lipid-protein films. The 
amphipathic nature of lipid allows for the formation of a monolayer at an air-water 
interface and the adsorption of lipid molecules to the surface will result in a 
reduction in surface tension (y). The reduction in surface tension may also be 
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measured as an increase in surface pressure (7t) exerted by the molecules at the air-
water interface (Albrecht et al. .. 1981 ). Surface pressure is defmed as the surface 
tension of the air-water interface minus the surface tension of the air-molecule-water 
interface (Gaines .. 1966). A decrease in the intermolecular area of each lipid 
molecule will result upon compression of the monolayer .. and the surface pressure 
exerted by the film will increase as the molecules are forced into close proximity. 
Information about the physical state of a monolayer can be obtained from 
surface pressure-area isotherms (Cadenhead et al., 1980). A change in the packing 
density of the phospholipid acyl chains through lateral compression will result in a 
change in the physical state of the monolayer (Cadenhead .. 1985). Furthermore .. 
variables such as temperature.. pressure and type of lipid will effect physical status. 
Monolayers spread at temperatures above the phase transition temperature (Tc) of 
the phospholipid will exist in a gaseous (G) phase at very low 1t (- 0 mN/m), and 
compression will result in a Gaseous (G)/Liquid Expanded (LE) phase transition. 
With further compression .. the monolayer will remain in aLE phase until monolayer 
collapse. However, phospholipid monolayers spread at a temperature below the 
characterized Tc will experience a GILE followed by LE/Liquid Condensed (LC) 
phase transition with compression. Further compression of the monolayer will result 
in a Solid Condensed (SC) phase due to the tight packing of the lipid molecules 
(Cadenhead et al., 1980) 
Pressure-area isotherms of dipalmitoylphosphatidylcholine (DPPC) represent a 
typical example of a monolayer experiencing a change in physical states upon 

compression (see figure 4). The Tc of DPPC is 41 °C, therefore monolayers spread 
over an aqueous sub phase at room temperature will undergo G!LE (- 0 rnN/m) and 
LEILC (- 7 mN/m) phase transitions. The formation of a SC phase is suspected at 
pressures - 30 mN/m and limiting molecular area of the phospholipid will result in 
monolayer collapse at - 70 mN/m. The physical and molecular interactions of 
DPPC are of interest to those who study lung surfactant., as it is proposed that 
monolayers formed at the alveolar-air interface become rich in DPPC due to the 
preferential "squeeze-out" of non-DPPC components during lung compression and 
expansion (Goerke and Gonzales~ 1981; Hildebran et aL~ 1979). 
1.5 Epifluorescence Microscopy of Monolayers 
Epifluorescence microscopy of monolayers at the air-water interface has 
proven invaluable in the study of lipid-lipid and lipid-protein interactions (Ahlers et 
al., 1990; Heckl et al.. 1987; Mohwald .. 1990; Nag and Keough. 1993: Nag et aL, 
1996; Nag et al., 1997; von Tschamer and McConnell, 1981; Weis and McConnell, 
1985). An epifluorescent microscopic attachment to a surface balance allows for the 
direct visualization of monolayer surface textures when low molar concentrations of 
fluorescent probe are introduced to the film (see figure 5). The fluorescent probe 
will preferentially partition into a particular phase in the molecular film, and as a 
consequence, the separation of the monolayer into GILE and LEILC phases may be 
visualized. 
Specific lipids or proteins may be labelled with different fluorophores. A 
• 
,-------, F'-luorescenc:e 
microscopy 
Pressure 
Transducer 
Ftgure 5. Schcn1ati.:s for studying monolayers by cpiOu<>rC.\CCnL'<' microscopy. Lipids 
are <pread at an att·>alinc interface and compressed Surface tcn•ion is measured by a 
plaunum d•PP••M piau: and force transducer. Pre<.<urelaru IS<>tbenns are gcnerali:d by 
mea<unng the challge 111 pressure of the monola)er wotll dccrea!.C\1 moltcular area. 
Monolayer.. are >i:>ualiled wilh the use of a Ouore~nt probe and unages are rew:onlcd 
"oth a chJrg< coupled de>1ce (CCO) cm~ern. omage onten''"'" and a \'tdeotape recorder. 
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commonly used fluorescent probe in epifluorescent studies is 1-palmitoyl-2{ 12-[(7-
nitro-2-1,3-benzoxadiazole-4 yl)amino]dodecanoyl}phosphocholine (NBD-PC). Due 
to the bulky NBD moiety located on the end of the sn-2 PC acyl chain., the probe 
localizes in the disordered LE phase (von Tscharner and McConnell., 1981; Slotte 
and Mattjus, 1995). The labelling of protein with fluorescent moieties such as 
fluorescein and Texas red (TR) allows for observation of specific lipid-protein 
interactions (Nag et al., 1997; Ruano et al., 1997). 
Objectives: 
The main objective of this study was to analyze the interactions of SP-A with 
lipids of pulmonary surfactant. It was of interest to us in understanding the role of 
this protein in monolayers of PS at an alveolar fluid-air interface. We proposed that 
SP-A will modify the arrangement of lipids in monolayers of PSLE due to a specific 
interaction of SP-A with PS lipids. Monolayers of PSLE were spread onto subphase 
containing various concentrations of SP-A in the absence or presence of Ca2+. The 
interaction of SP-A with PSLE monolayers may provide insight into the role of SP-
A in surfactant monolayer formation and function in lung mechanics. 
C1q , a protein of the complement component system, is structurally 
homologous to SP-A. The interaction of C I q with PSLE may shed some light on 
the influence of quaternary structure of SP-A and its affect on surfactant function. 
These studies utilized both epifluorescent and electron microscopy to study the 
interaction of SP-A or C 1 q with PS and PSLE. 
CHAPTER 2 
MATERIALS AND METHODS 
2.1 Materials 
For the purpose of epifluorescent microscopy studies .. the fluorescent lipid 
probe .. 1-palmitoyl-2-{ 12[(7-nitro-2.,1.,3-benzoxadiazole-4 yl)amino Jdodecanoyl }-sn-
glycero-3-phosphocholine (NBD-PC) was purchased from Avanti Polar Lipids 
(Pelham~ AL). Chloroform and methanol were HPLC grade solvents from Fisher 
Scientific (Ottawa, ON). The protein C1q was purchased from Sigma Chemical Co. 
(St. Louis. MO). TR-SP-A was received from Dr. J. Perez-Gil (Dept. Bioquimica.. 
Madrid., Spain). 
For transmission electron microscopy studies., glutaraldehyde and osmium 
tetraoxide (Os04) were purchased from Fisher Scientific (Ottawa, ON). Embedding 
resin (TAAB 812 epoxide) was purchased from Marivac (Halifax., NS). 
All water used in these studies was double-distilled.. the second distillation 
being from dilute potassium permanganate. All glassware used was chromic acid 
washed, rinsed thoroughly., and baked at 180 oc for 8 hours prior to use. 
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2.2 Isolation of Pulmonarv Surfactant 
Pulmonary surfactant was isolated from porcine lungs by bronchoalveolar 
lavage and purified by centrifugation procedures (Taneva and Keough. 1994b ). 
Fresh porcine lungs were lavaged intratracheally with 0.15 M NaC1 (4 °C). The 
lavage was centrifuged at 800 x gav for 10 minutes to remove cellular debris and the 
resulting supernatant was centrifugated at 8000 x ga... for 60 minutes to pellet the 
surfactant. The surfactant pellet was resuspended in O.l M NaCl. 1.64 M NaBr. 
0.005 M Tris. pH 7.4 and centrifuged in a swinging bucket rotor at 81.500 x &v for 
8 hours. The resulting floating pellicle was resuspended in 0.1 M NaCl. 0.005 M 
Tris. pH 7.4 and spun at 65.000 x ~v for 2 hours to obtain the pulmonary swfactant 
used in this study. All centrifugation procedures were performed at 4 °C. The 
surfactant pellet was resuspended in no more than 10 mL 0.15 M NaCl per lung. 
Isolation of PSLE 
Lipids and hydrophobic surfactant proteins were extracted from pulmonary 
surfactant by the method of Bligh and Dyer (1959). To 0.8 volume of surfactant .. 2 
volumes of methanol and 1 volume of chloroform were added. The mixture was 
vortexed vigorously. This was followed by another volume of chloroform. and 
thorough vortexing. One volume of water was added. and the mixture was vortexed 
once more. The aqueous and organic phases were separated by centrifugation~ and 
the bottom organic phase was removed. The aqueous phase was extracted as 
described previously with chloroform. then by 2:1 (vol/vol) chloroform/methanol. 
The resulting organic phases, now termed pulmonary surfactant lipid extract (PSLE), 
were pooled. 
The concentration of phosphorus in pulmonary surfactant and PSLE was 
obtained by a modified version of the analysis of organic phosphorus (Keough and 
Kariel~ 1987; Bartlett, 1959). When necessary~ the estimated weight of the PL in 
PSLE was determined by multiplying the total phosphorus concentration by 25. 
2.4 Isolation and Purification of SP-A 
SP-A was isolated by treatment of the surfactant suspension with 1-butanol 
extraction (Haagsman et al. 1987). Pulmonary surfactant (I lung/10 mL saline) was 
added slowly by pipet into 500 mL of redistilled !-butanol with stirring at room 
temperature and the mixture was stirred for an additional 30 minutes. The resulting 
white precipitate was spun down by centrifugation at 10,000 x gav for 30 minutes in 
a swinging bucket rotor. The butanol was decanted .. and the precipitate was dried 
under a stream of N2 (g). The precipitate was washed twice with 20 mL of 0.02 M 
1-0-n-octyl-B-D-gluco-p)'Tanoside, 0.1 M NaCl, 0.01 M HEPES, pH 7.4. After each 
wash, the mixture was allowed to stand at room temperature for 3 0 minutes, then 
centrifuged at 100,000 x gav for 30 minutes at I 5 °C. The resulting pellet was 
resuspended in 2-3 mL 5 mM Tris, pH 7 .4. The SP-A was dialysed against five 
changes of the same buffer for 48 hours at 4 °C. After dialysis, the insoluble 
material was removed by centrifugation in a fixed angle rotor at 100,000 x gav for 30 
minutes at 4 °C. The SP-A was stored in small aliquots at -20°C. The purity of SP-
A was determined by SDS-polyacrylamide gel electrophoresis (12% gels) according 
to the method of Laemmli (I 970). Prior to electrophoresis.. SP-A was reduced using 
5% 2-mercaptoethanol and then heated at 100 °C in the presence of SDS. The 
concentration of SP-A was determined by the fluorescamine assay (Udenfriend et al.., 
1972) using bovine serum albumin as the standard. 
2.5 Epifluorescence Microscopy of Pulmonary Surfactant Lipid Extract 
Epifluorescence microscopy and Surface pressure (7t)-Area measurements of 
solvent spread monolayers of PSLE or DPPC were performed on a surface balance 
whose construction and operation have been described previously (Nag et al, 1990; 
Nag et al . ., 1991 ). The dimensions of the teflon trough are 22 x 7.8 x l.5 em., and a 
movable teflon dam acts as a barrier to compress the monolayer. The surface 
tension (y) at the air/saline interface at various areas was measured by a platinum 
dipping plate attached to a force transducer. Surface tension of the monolayer was 
converted to surface pressure (7t) by the following relationship; yo - ym = 1t. The 
decrease in surface tension of the saline (yo) due to the surface tension of the 
surface monolayer (ym) corresponded to an increase in surface pressure (7t). 
The surface balance was cleaned of all surface active contaminants by 
washing with chloroform:methanol ( l: I v/v), followed by methanol., and then 
double-distilled water. The surface balance was deemed clean when a surface 
pressure of 0 mN/m was obtained after a complete compression of the saline 
subphase surface. 
2.5.1 Compression of Spread Monolayers 
Monolayers of PSLE or DPPC were spread from chloroform/methanol 3:1 
(v/v) onto a buffered saline subphase (145 mM NaCl, 5 mM Tris~ pH 6.9) 
containing 0, 0.13~ 0.16~ or 0.20 J.Lg/mL SP-A or O.l6f.Lg/mL C1q. All experiments 
were performed in the presence or absence of Ca2•• The monolayer was initially 
compressed to a surface pressure of 10 mN/m. then expanded and allowed to stand 
for 1 hour. This procedure allowed for the interaction of the protein with the 
monolayer. By rapidly compressing the monolayer, the transition of the lipids to gel 
phase is initiated and it has been suggested that the creation of a LE/gel phase 
boundary may be needed to initiate the interaction of SP-A with the monolayer 
(Ruano et al., 1998). The temperature of the subphase during the monolayer studies 
was 21 ± 2 °C. To obtain pressure-area isotherms for the purpose of comparisons 
between systems~ monolayers were compressed at a fast rate of 4 
A.?/molecule/second for 30 increments. For the purpose of visualization of 
monolayer surface textures~ pressure-area isotherms were obtained by compressing 
mono layers at a slow rate of 0.0089 A 2/molecule/second for 30 increments. 
Accompanying monolayer surface textures were observed through a 40 or 50 x 
objective lens, and images were videorecorded for one minute after each incremental 
compression. 
2.5.2 Compression of Monolayers formed from spread PSLE Vesicle Suspensions 
A vesicle suspension of PSLE (100 f.LL, 0.750 mg phospholipid/mL) + 1 
mol% NBD-PC + 10 wt% TR-SP-A was prepared. PSLE + 1 mol% NBD-PC was 
dried under N2 (g) and evacuated overnight. Buffer containing 145 mM NaCl., 5 
mM Ca2+., 5 mM Tris (pH 6. 9) was added to PSLE and the mixture was vortexed. 
TR-SP-A was added to the mixture to yield a fmal concentration of 10 wt%., and the 
vesicle suspension was incubated for 30 minutes at 37 °C. The vesicle suspension 
was spread onto a buffered saline subphase using a Hamilton syringe. The 
monolayer was initially compressed to a surface pressure of 10 mN/m .. then 
expanded and allowed to stand for 1 hour. After equilibration., the monolayer was 
compressed at a slow rate and images were recorded after each incremental 
compression. 
2.5.3 Image Analysis of Monolayers 
Image analysis was performed using JAVA 1.3 software (Jandel Scientific, 
Corte Mader~ CA). Ten random images were framegrabbed from videotape and the 
number and size of dark domains for each image was determined from a set area of 
interest (AOI). The AOI encompassed about 80% of the television screen size and 
was held constant for each analysis. The percentage (%dark) of the monolayer 
which excluded the probe in the images was calculated. The effect of SP-A or Clq 
on monolayers of PSLE was assessed by their perturbation of the sizes and relative 
amounts of dark phase. 
2.6 Alternative Method of SP-A Isolation 
SP-A was isolated from rat lung lavage by manipulating the Ca2• dependent 
interaction of SP-A with surfactant lipid (Suwabe et al.. 1996). PS was isolated 
from rat via intratracheal lavage using a balanced salt containing of 133 mM NaCl. 
2.6 mM hydrogen phosphate~ 5 mM KCl, 10 mM HE PES and 1 mg/m.L glucose (pH 
7.4). Ca2• was added to the lavage to yield a final concentration of I mM and the 
lavage was stored at -20 oc overnight. PS was washed 5 times with the 
aforementioned buffer + I mM Ca2"" by repetitive homogenization followed by 
centrifugation at IOO,OOO x ~v· PS was resuspended in I mL of the balanced salt 
solution containing 2 mM ethylene glycol-bis(B-aminoethyl ether) N,N,N' ,N'-
tetraacetic acid (EGTA), I mM Mi"'" and the suspension was incubated at 37 oc for 
30 minutes. The solution was centrifuged at I 00,000 x &.v and the supernatant was 
removed and the PS was resuspended in the same buffer, incubated, and spun as 
previously mentioned. This procedure was repeated a total of three times, and the 
supernatants containing SP-A were pooled. The PS pellet [which was reduced in 
SP-A (PS-SP-A)] was resuspended in the balanced salt solution. SP-A, PS, and PS-
SP-A were analyzed for purity by a SDS PAGE as described earlier and the 
morphological characteristics of PS and PS -SP-A were determined by electron 
microscopy (see section 2. 7). 
2. 7 Electron Microscopy of Pulmonary Surfactant 
Aqueous dispersions of PSLE were reconstituted using a detergent method 
previously described by Williams et al. (1991). PSLE or DPPC/POPG (7:3) + 5 
wt% SP-8 ( 1 mg PL) was dried under a stream of N2 (g). The dried lipid/protein 
mixtures were resuspended in I mL of 100 mM 1-0-n-octyl-B-D-glucopyranoside., 2 
mM Tris" pH 7.4 to yield a fmal concentration of 1 mg PL/mL. The suspension was 
incubated for 60 minutes at 40 °C .. then diluted with l 0 mL of 145 mM NaCl., 1 mM 
ethylenediaminetetraacetic acid (EDT A)., 10 mM Tris. pH 7 .4. The PSLE 
suspension was dialysed for 48 hours at 4 oc against five changes of the 
aforementioned buffer. After dialysis, the PSLE samples were concentrated by 
centrifugation at 50,000 x ~v in a fixed angle rotor for 30 minutes at 4 °C. The 
resulting pellet was resuspended in 0.5 mL buffer ( 145 mM NaCL 1 mM EDT A., l 0 
mM Tris., pH 7.4) and the phosphorus content of the PSLE sample was determined 
(Keough and Kariel, 1987; Bartlett., 1959). Aqueous dispersions of PSLE. as well as 
PS and PS-SP-A samples (see section 2.5), (100 f.Lg PL) were incubated at 37 oc for 
12 hours. Some samples contained 10 wt% SP-A or 10 wt% Clq with 5 mM Ca2 ~. 
After incubation, the samples were fixed for electron microscopy. 
Aqueous dispersions of PSLE were fixed with an equal volume of 4% 
glutaraldehyde., 2o/o Os04 , 0.2 M sodium cacodylate~ pH 7.4 at 4 °C. The 
suspensions were spun for I 0 minutes in a microcentrifuge and left for 24 hours at 
room temperature. After fixing, the samples were recentrifuged" and the fixing 
buffer was removed. The samples were stained with 5% uranyl acetate at 4 oc for 
12 hours. The uranyl acetate was removed, and the PSLE pellet was dehydrated 
using a series of graded acetone washes (70, 80, 90, 2 x 100%) at 4 oc in less than 
2 minutes. Samples were left in a small amount of absolute acetone, and an equal 
volume of T AAB 812 resin was added. The samples were mixed on an orbital 
shaker, and 10% resin was added every 15 minutes. After 2 hours, the resin/acetone 
mixture was removed and fresh resin was added to the samples. The samples were 
left on the orbital shaker overnight to aid in the infiltration of resin into the sample. 
The infiltrated pellet and fresh resin were placed in a mold and allowed to 
polymerize at 60 oc for 8 hours. Thin sections were cut from the sample block 
using a glass knife and an ultramicrotome. The sections were placed on copper 
grids and stained sequentially with 5% uranyl acetate and alkaline lead citrate for l 0 
and 5 minutes respectively. Sections were observed with a Zeiss Electron 
microscope, photographed, and printed on Kodak paper. 
CHAPTER 3 
RESULTS 
3 .1 Purity of the Lipids and Proteins 
The composition and purity of pulmonary surfactant lipid extract was 
determined by thin layer chromatography (TLC) using a solvent system of 65:25:4 
chloroform/methanol/water. The sample was visualized by spraying with H2S04 , 
followed by charring at 180 °C. Visual comparison of the PSLE sample against PL 
controls showed that the extract contained substantial amounts of PC and PG, as well 
as a small amount of Iysophosphatidylcholine and palmitic acid (figure 6). 
The purity of SP-A isolated by !-butanol extraction was determined by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and compared to SP-
A isolated by Dr. J. Perez-Gil (Spain). Under reducing conditions and using a 12% 
polyacrylamide separating gel, monomeric bands having molecular weights between 
28-36 kDa were observed after silver staining (see figure 7). The lower molecular 
weight bands may be SP-A that had been deglycosylated. Very small amounts of two 
bands of higher molecular weight were also observed. 
3.2 Mono layers of pulmonary surfactant lipid extract 
Pressure-Area Isotherms of PSLE spread over subphases containing 0, 0.13, 
0.16 and 0.20 ILglmL SP-A in the absence (panel A) or presence of 5 mM Ca2 + 
solvent 
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rigure 6. Analysis of PSLE lipid content by Thon l.ayer Chromatography. Sample 
lanes (A F.) c<>nt.uncd 10 pg phosphorus. A soh-ent <y<tem of 6S:2S4 
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(panel B) are shown in figure 8. The monolayers were compressed rapidly to -10 
mN/m~ expanded to 0 mN/m, then allowed to equilibrate for one hour. After this 
period, the monolayers were compressed at a fast rate (4 A2/molecule /second). 
Mono layers of PSLE lift-off at - 90 A2/molecule PL and the surface pressure ( r) of 
the monolayer increased with compression. At 1r of 45 mN/m, the isotherm inflected 
to the left, then rose sharply to 70 mN /m with further compression. Isotherms of 
PSLE spread on subpbases containing various concentrations of SP-A differed than 
PSLE ftlms in the absence of SP-A. The presence of SP-A in the subphase shifted 
the isothermal lift-off of PSLE monolayers to the right (110 A2/phospholipid 
molecule). With incremental compression, the isotherms of PSLE in the presence of 
SP-A shifted toward the normal PSLE isotherm and at 1r - 45 mN/m adopted a r-
area profile similar to that of PSLE in the absence of protein. The presence of 5 mM 
Ca2 + (panel B) did not significantly affect PSLE monolayer behaviour. 
3. 3 Monolayer Surface Texture 
PSLE monolayer surface morphology could be observed with the addition of 1 
mol% NBD-PC. The following data are representatives of more than one 
experiment performed during this study. Monolayer images of PSLE, and PSLE on 
subphases containing 0.13, 0.16 or 0.20 ,.,.glmL SP-A at selected 1r are shown in 
figure 9. The monolayers were compressed rapidly to -10 mN/m" expanded to 0 
mN /m, then allowed to equilibrate for one hour. After this period~ the PSLE fllms 
were compressed at a slow rate (0.0089 A2/molecule/second) which resulted in 
Figure 8. Pressure-Area Isotherms of PSLE monolayers spread over subpbases 
containing 0 ( 0 ), 0.13 ( e ), 0.16 ( V ), and 0.20 /Lg/mL SP-A ( 'Y ) in the 
absence (A) or presence of S mM cal+ (B). The mono layers were compressed in 
steps at an initial rate of 4 A2/molecule/second on a subphase of 145 mM NaCl, 5 
mM Tris (pH 6. 9). The temperature of the subphase was 21 ± 2 oc. 
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Figure 9. Monolayer surface morphology of PSLE (panel A) and PSLE spread on 
subphases containing 0.13 (B), 0.16 (C), and 0.20 /Lg/mL SP-A (D) in the absence of 
Ca2+. Monolayer images are accompanied by corresponding isotherms and surface 
pressures. The green background indicates the phase containing the fluorescent probe 
NBD-PC. The images were collected using a black and white CCD camera and are 
shown in false color to convey the impression given during direct observation. The 
scale bar is 50 /Lm. 
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monolayer collapse at about 45 mN/m. Panel A reviews the images observed in 
spread monolayers of PSLE at various r. Circular, probe-excluded (dark) domains 
were observed amidst a fluorescent green background at low 1r (5 mN/m) despite the 
absence of a traditional liquid expanded (LE)/liquid condensed (LC) phase transition 
as seen in monolayers of pure lipid such as DPPC. With increased r, the dark 
domains were larger and seemed to come closer together. This trend continued until 
1r of - 25 rnN/m, then a decrease in domain size was observed. The appearance of 
dark domains in monolayers of PSLE have been reported previously (Discher et al., 
1996; Nag et al., 1998). The addition of 0.13 JLg/mL SP-A (panel B) in the subphase 
had a minimal effect on PSLE monolayer surface texture. Dark domains were 
observed at low 1r, and grew in size with increased 1r. Once again, 1r beyond 25 
mN!m resulted in a decrease in the domain size. 
The presence of 0.16 and 0.20 J.Lg/mL SP-A in the subphase had a dramatic 
effect on the appearance of PSLE monolayer surface texture (see figure 9, panel C, 
D). Dark domains organized into a loose "network" at a 1r of - 10 rnN/m. Areas 
of the film contained highly aggregated dark domains, while adjacent areas were 
highly fluorescent. With increased r, the "network" was not as intensely dark and 
the nucleation of tiny dark domains was observed. At 1r -27 mN/m, the network 
disappeared, leaving the tiny dark domains amidst a fluorescent background. 
Monolayer images of PSLE and PSLE on subphases containing 0.13, 0.16 and 
0.20 JLg/mL SP-A in the presence of 5 mM Ca2 + are shown in figure 10. The 
presence of 5 mM Ca2 + did not have a significant effect on PSLE monolayer surface 
Figure 10. Monolayer surface morphology of PSLE (panel A) and PSLE spread on 
subphases containing 0.13 (B), 0.16 (C), and 0.20 ~g/mL SP-A (D) with 5 mM 
Ca2+. Monolayer images are accompanied with corresponding isotherms and surface 
pressures. The green background indicates the phase containing the fluorescent probe 
NBD-PC. The images were collected using a black and white CCD camera and are 
shown in false color to convey the impression given during direct observation. The 
scale bar is 50 ~m. 
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textures. The nucleation of dark domains was observed at low 1r (5 mN/m) and the 
domains grew in size until 1r -25 mN/m. Beyond this 1r the visible amount of dark 
phase was decreased. When various concentrations of SP-A were added to the 5 mM 
Ca2 + subphase, the appearance and behaviour of the PSLE monolayer was not 
dramatically different from films in the absence of SP-A (panel B-D), but the size of 
the dark domains was smaller than those observed in the absence of the protein. 
3.4 TR-SP-A Fluorescence in PSLE Mono layers 
PSLE monolayers were spread onto a buffered saline subphase containing 0.16 
JLglmL TR-SP-A in the absence or presence of 5 mM Ca2 +. The monolayers were 
compressed rapidly to -10 mN/m, expanded to 0 mN/m, then allowed to equilibrate 
for one hour. After this period~ the mono layers were compressed at a slow rate 
(0.0089 A2/molecule/second) and images were collected (figure 11). The upper figure 
reviews the images observed in spread monolayers of PSLE on subphases containing 
0.16 JLglm.L TR-SP-A in the absence of Ca2 + at various r using NBD-PC (right 
panel) or TR-SP-A (left panel) fluorescence. At 1r of about 10 mN/m, the images 
observed using NBD-PC fluorescence showed the appearance of a loosely organized 
"network" of dark regions amidst a fluorescent background. These images were not 
unlike those observed using unlabelled SP-A. The "network" was no longer 
detectable at 1r beyond 30 mN/m. TR-SP-A fluorescence was observed at the 
monolayer surface by switching light filters. It was interesting to note that fluorescent 
domains were observed amidst a dark background. The images observed with the 
Figure ll. Monolayer surface morphology of PSLE spread on subphases containing 
0.16 JLglmL TR-SP-A in the absence (top) or presence of 5 mM Ca2+ (bottom). 
Monolayer images are accompanied by corresponding isotherms and surface 
pressures. The green background (right panel) indicates phase containing the 
fluorescent probe NBD-PC and the red background (left panel) indicates phase 
containing the fluorescently labelled SP-A. The images were collected using a black 
and white CCD camera and are shown in false color to convey the impression given 
during direct observation. The scale bar is 50 JLffi. 
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aide of TR-SP-A fluorescence were reversed to those observed with NBD-PC 
fluorescence. Organized "networks" of fluorescent domains were observed with 
compression until 1r ;::: 30 mN/m7 when only tiny aggregates of TR-SP-A 
fluorescence were observed randomly at the film surface. While our equipment did 
not allow us to obtain data fast enough to record superimposable images7 when the 
filters were switched it could be observed by eye that the red areas from TR-SP-A 
fluorescence corresponded to the dark areas using NBD-PC. 
Images obtained from PSLE monolayers spread onto a subphase containing 
0.16 ~g/mL TR-SP-A and 5 mM Ca2 + did not show a reorganization of dark domains 
as viewed through NBD-PC fluorescence (lower figure 11, right panel). The domains 
were circular7 and they grew in size with further compression until 1r of 35 mN/m 
were reached. Beyond this r7 there was a decrease in the detectable size and number 
of dark domains. TR-SP-A fluorescence (left panel) was minimal at lower 1r ( s 10 
mN/m). Tiny aggregates of fluorescently labelled protein were observed amidst a 
dark background. Increasing r allowed for the visualization of dark domains (25-35 
mN/m}, but the red fluorescence of the background was not intense. At 1r beyond 35 
mN/m7 these dark domains were not detectable, and TR-SP-A fluorescence was seen 
randomly as tiny aggregates. 
3.5 Dark Domain Size Distribution and Total Dark Area in PSLE Monolayers 
The size frequency distributions of dark domains of PSLE films containing 
various concentrations of SP-A at various 1r are shown in figure 12. The number and 
size of dark domains for a particular 1r were counted for each of the 10 frames 
recorded. The size distribution of PSLE (panel A) at low 1r (9.2 mN/m) showed 
predominantly small dark domains. With increased 1r, the amount and size of the 
domains increased. This trend continued until 1r -25 mN/m. At 36 mN/m, the 
monolayer contained mostly small domains ( < 10 #Lm2). The presence of 0.13 
ILg/mL SP-A (panel B) in the monolayer subphase did not substantially affect dark 
domain size distribution. PSLE mono layers containing 0.16 {panel C) showed large 
domains of 100-600 p.m2 at 1r between 9-29 mN/m, and the spectrum and size of the 
smaller domains was broad. At 1r beyond 30 mN/m, a large number of small ( ~ 10 
J.LID2) were observed in all monolayers. 
Dark domain size distribution in PSLE monolayers in the presence of 5 mM 
Ca1 + and various concentration of SP-A are shown in figure 13. PSLE monolayers 
{panel A) in the presence of 5 mM Ca2 + displayed a similar frequency distribution 
pattern as that of PSLE. With increased 1r, the size and amount of dark domains 
increased, and 1r > 30 mN/m resulted in an increase in the number of small domains. 
The presence of various concentrations of SP-A in the subphase (0.13 J.LglmL; panel 
B, 0.16 J.Lg/rnL; panel C), as well as 5 mM Ca1 + appeared to decrease the size of the 
dark domains. The number of small domains ( ~ 10 JLID2) was increased, and there 
were fewer large domains ( ~ 100 pm2). 
The amount of dark area in PSLE monolayers containing various 
concentrations of SP-A in the absence (top panel) and presence (bottom panel) of 5 
mM Ca2+ is shown in figure 14. The amount of dark area in monolayers of PSLE 
Figure 12. The size frequency distribution of dark domains observed at various 1r in 
monolayers of PSLE (A) and PSLE monolayers spread on subphases containing 0.13 
(B)~ and 0.16 .ug/mL SP-A (C) and in the absence of Ca2+. At a particular 1r~ the 
average number and size of dark domains was determined for each of the 10 frames. 
Areas < 3 p.m2 were not included in the data. The surface pressure is indicated for 
each distribution shown. Error bars indicate ± one standard deviation for 10 frames 
analyzed at each 1r. 
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Figure 13. The size frequency distribution of dark domains observed at various 1r in 
monolayers of PSLE (A) and PSLE monolayers containing 0.13 (B), and 0.16 ~-tg/mL 
SP-A (C) and 5 mM Ca2+ in the subphase. At a particular 1r, the average number 
and size of dark domains was determined for each of the 10 frames. Areas < 3 p.m2 
were not included in the data. The surface pressure is indicated for each distribution 
shown. Error bars indicate ± one standard deviation for 10 frames analyzed at each 
7r. 
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increased with increased 1r. The %dark area reached 18% at -25 m.N/m, but beyond 
this 1r the amount of dark area gradually decreased (2% at 40 mN/m). Similar 
amounts of condensation in PSLE mono layers have been reported (Discher et al., 
1996; Nag et al., 1998). The presence of 0.13 ~g/mL SP-A in the subphase did not 
have a substantial effect on the amount of dark area observed in PSLE monolayers. 
Subphase concentrations of 0.16 and 0.20 JLglmL SP-A increased the amount of dark 
phase to 25% at 1r - 10 mN/m, and the amount remained constant till -27 mN/m. 
Beyond this 1r, the amount of dark phase decreased to - 2%. 
The presence of 5 mM Ca2 + in the sub phase (bottom panel) did not 
substantially alter the amount of dark area observed on the surface of PSLE 
monolayers. Yet, subphase concentrations of 0.13 and 0.16 ~-tglmL SP-A appeared to 
decrease the amount of dark area observed. Limited data was available for the effect 
of 0.20 ~J.g/mL SP-A on monolayers of PSLE in the presence of 5 mM Ca2 +, thus it 
was not reported. 
3.6 PSLE Mono layers at High Resolution 
PSLE monolayer spread on buffered subphase was observed using a 50x 
objective lens as compared to the 40 x objective lens used in the previous 
experiments. PSLE monolayer surface textures at various 1r are shown in figure 15. 
The higher objective lens allowed for increased resolution, and smaller domains could 
be observed at each 1r. 
Figure 16 compares the size distribution (A) and the %dark phase (B) of PSLE 
Figure 14. The %dark area of PSLE monolayers spread on subphases containing 0 
( 0 ), 0.13 ( e ), 0.16 ( \1 }, and 0.20 ~g/mL ( • ) SP-A in the subphase in 
the absence (A) and presence (B) of 5 mM Ca2 +. Error bars indicate ± one standard 
deviation for 10 frames analyzed at each 1r. Error bars not visualized are within the 
size limits of the symbol. 
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Figure 15. Monolayer surface morphology of PSLE monolayers spread over saline 
subphase and in the absence of Ca2+ observed through a 50X objective lens. Images 
were recorded at various 1r and the corresponding isotherm is shown. The images 
were collected using a black and white CCD camera and are shown in false color to 
convey the impression given during direct observation. The scale bar is 40 JLffi. 
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monolayers observed through a 40x and 50x objective lens. The number of small 
domains ( :S 5 ~m2) observed under the 50x objective was greater than that of the 40x 
objective lens. As to be expected, the number and size of the larger domains were 
very similar with both objectives. The %dark area observed under the 50x objective 
was slightly greater than PSLE monolayers observed under the 40x objective lens. 
But the increased number of visualized small domains ( < 5 J.LID2) did not contribute 
significantly to the total area of dark phase when compared to PSLE monolayers 
observed under the 40X objective. 
3. 7 Spread Vesicle SuSj?ensions of PSLE 
A vesicle suspension of PSLE containing 1 mol% NBD-PC, 10 wt% TR-SP-A 
and 5 mM Ca2 + was spread on a buffered saline subphase dropwise from a hamilton 
syringe. The monolayer was compressed rapidly to -10 mN/m, expanded to 0 
mN/m, then allowed to equilibrate for one hour. After this period, the monolayer 
was compressed at a slow rate (0.0089 A2/molecule/second) and images were 
collected. Images of PSLE monolayer and the TR-SP-A probe were visualized by 
switching light f'Ilters (see figure 17). At low 1r, tiny dark domains were visualized 
under the filter that allowed the passage of green light (right panel). These domains 
grew in size and appeared to aggregate with increased 1r. At 1r beyond 30 mN /m, the 
size of the dark domains seemed to decrease, yet aggregates of tiny dark areas were 
still visualized. The TR-SP-A, as viewed by the filter that allowed the passage of red 
light (right panel) aggregated in the fluid phase and fluid/gel phase boundaries of the 
Figure 16. The frequency size distribution (A) and the %dark area (B) of PSLE films 
spread over saline subphase and in the absence of Ca2+ observed under a 40X ( 0 ) 
and SOX ( e) objective lens. At a particular r, the average number and size of dark 
domains was determined for each of the l 0 frames. The surface pressure is indicated 
for each distribution shown. Areas < 3 1J.ID2 were not included in the data. Error 
bars indicate ± one standard deviation for 10 frames analyzed at each 1r. Error bars 
not visualized are within the size limits of the symbol. 
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Figure 17. Surface morphology of PSLE vesicle films containing 1 mol% NBD-PC~ 
10 wt% TR-SP-A~ and 5 mM Ca2+. A vesicle suspension (0. 750 mg PL/mL) was 
spread onto the subphase from a hamilton syringe and the adsorbed film was 
compressed. The right panel shows NBD-PC probe fluorescence and the left panel 
shows TR-SP-A probe fluorescence. The images were collected using a black and 
white CCD camera and are shown in false color to convey the impression given 
during direct observation. The images are accompanied by their corresponding 
isotherm. The scale bar is 50 /Lm. 
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PSLE monolayer. Increasing 1r did not affect the appearance of the TR-SP-A 
distribution. 
The frequency size distribution (top) and % phase (bottom; dark domains or 
TR-SP-A aggregates) of films spread from PSLE vesicles containing 1 mol% NBD-
PC~ 10 wt% TR-SP-A and 5 mM Ca2 + are shown in figure 18. The dark domains 
(top panel~ A) observed with NBD-PC fluorescence were small, but numerous. The 
frequency of the domains at each 1r were similar. The size frequency of TR-SP-A 
aggregates (top panel, B) remained consistent with increased 1r. 
The area occupied by dark domains and TR-SP-A aggregates in spread 
dispersions of PSLE are shown at the bottom of figure 18. The amount of dark area 
seen with NBD-PC increased with increased 1r. At 25 mN/m, the maximum amount 
of dark area was recorded at - 13%, and this amount decreased with higher 1r. The 
amount of visualized TR-SP-A remained constant at -3% with increased 1r. 
3.8 The Effects of 1.64 mM Ca2+ 
Isotherms of PSLE spread over subphases containing of 0, 1.64 and 5 mM 
Ca2+ plus or minus 0.16 p.g/mL SP-A in the subphase are shown in figure 19. The 
monolayers were compressed rapidly to -10 mN/m, expanded to 0 mN/m, then 
allowed to equilibrate for one hour. After this period, the mono layers were 
compressed at a fast rate (4 A2/molecule/second). The presence of Ca2 + at either 
concentration did not affect the PSLE monolayer isotherm while the presence of 0.16 
p.g/mL SP-A and various concentrations of Ca2 + expanded the area occupied by the 
Figure 18. The frequency size distribution (top) and the % phase (bottom; dark area~ 
0 or TR-SP-A aggregates~ e ) of vesicle spread PSLE with 1 mol% NBD-PC~ 
10 wt% TR-SP-A and 5 mM Ca2+. At a particular 1r~ the average number and size 
of dark domains was determined for each of the 10 frames. The surface pressure is 
indicated for each distribution shown. Areas < 3 JLID2 were not included in the data. 
Error bars indicate ± one standard deviation for 10 frames analyzed at each 1r. Error 
bars not visualized are within the size limits of the symbol. 
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Figure 19. Pressure-Area isotherms of PSLE ( 0 )9 PSLE + 0.16 p.g/mL SP-A 
( e ), PSLE + 1.64 mM Ca1+ ( \J ), PSLE + 0.16 p.g/mL SP-A + 1.64 mM 
Ca1+ ( ~ ), PSLE + S mM Ca1+ ( 0 ), and PSLE + 0.16 ~g/mL SP-A + 5 
mM Ca1+ ( • ) . The mono layers were compressed in steps at a rate of 4 
A2/molecule/second on a subphase of 145 mM NaCI, 5 mM Tris (pH 6.9). The 
temperature of the subphase was 21 ± 2 oc. 
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PSLE fllm. Isotherm profiles were similar to those previously recorded. 
Monolayer surface textures of PSLE spread on subphases containing 1.64 mM 
Ca2 + plus or minus 0.16 p.g/mL SP-A are shown in figure 20. The surface texture of 
PSLE films in the presence of 1.64 mM Ca2 + (top) shared characteristics of PSLE 
containing either no or 5 mM Ca2+. The presence of 0.16 ~g/mL SP-A and 1.64 mM 
Ca2 + in the subphase resulted in a reorganization of PSLE films. Domains aggregated 
into a network at -13 mN/m~ and the organization of domains was consistent until1r 
> 20 mN/m. With increased 1r, small dark domains were observed amidst a 
fluorescent green background. Further compression resulted in a abrupt decrease in 
domain size. 
The frequency size distribution of PSLE fllms spread on subphases containing 
various concentrations of Ca2 + are shown in figure 21. The size distribution (top) 
among PSLE films spread on subphases containing 0, 1.64 and 5 mM Ca2 + were 
similar. Increased 1r resulted in a greater number of large domains. Yet 1r > 30 
mN/m caused the domain size to decrease to < 20 p.rrr. 
The frequency size distribution of PSLE films spread on subphases containing 
various concentrations of Ca1+ as well as 0.16 J,tg/mL SP-A are shown in figure 22. 
The frequency size distribution of PSLE spread on a subphase containing 0.16 ~g/mL 
SP-A and 1.64 mM Ca1 + shared common traits with the other PSLE films spread over 
subphases containing 0 or 5 mM Ca2+ and 0.16 J,tglmL SP-A. At low 1r (- 10 
mN/m), the PSLE on 1.64 mM Ca1+ subphase contained numerous small domains 
similar to films spread on 5 mM Ca1+. However 1r of - 20 mN/m resulted in a 
Figure 20. Monolayer surface morphology of PSLE monolayers spread over 
subphases containing 1.64 mM Ca2+ (top) or Ca2 + and 0.16 JLglmL SP-A (bottom). 
The green background indicates the phase containing the fluorescent probe NBD-PC. 
Monolayer images are accompanied by corresponding isotherms and surface 
pressures. The images were collected using a black and white CCD camera and are 
shown in false color to convey the impression during direct observation. The scale 
bar is 50 /Lm. 
~ 
e 
' :z e 
~ 
• • ,
• • 
• • 
... 
• u 
• 
-• ,
., 
~ 
e 
' " e
~ 
• • 
• • 
• 
• • 
... 
•• 
30 
20 
,. 
PSLE 
+ 1.84 mW: Ca 1'"' 
0 
20 40 ac 80 , 00 120 
Area/pbospbolipid molecule 
(!') 
•• 
30 
• 20 u 
c 
-• : 
., 
10 
PSLt 
1.84 mV Ca;.... 
0 L+~O.~I~~~~S~P~-~A~-=~~ 
20 40 60 80 100 120 
Area/ phospholipid molecu:e 
(!') 
• 
Figure 21. The frequency size distribution of PSLE films containing 0, 1.64 and 5 
mM Ca2+ in the subphase. At a panicular 1r, the average number and size of dark 
domains was determined for each of the 10 frames. The surface pressure is indicated 
for each distribution shown. Areas < 3 p.m2 were not included in the data. Error 
bars indicate ± one standard deviation for 10 frames analyzed at each 1r. Error bars 
not visualized are within the size limits of the symbol. 
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Figure 22. The frequency size distribution of PSLE films containing 0.16 Jtg/mL SP-
A and 0, 1.64 and S mM Ca1+ in the subphase. At a particular 1r, the average 
number and size of dark domains was determined for each of the 10 frames. The 
surface pressure is indicated for each distribution shown. Areas < 3 Jtffi2 were not 
included in the data. Error bars indicate ± one standard deviation for 10 frames 
analyzed at each 1r. Error bars not visualized are within the size limits of the symbol. 
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broad size distribution of domains in a manner similar to PSLE ftlms in the absence 
of Ca2 +, yet there was still a predominance of small domains. 
The %dark area of PSLE with or without SP-A subphase concentrations of 
0.16 pg/mL in the presence of various concentrations of Ca2 + is summarized in figure 
23. The %dark area of PSLE films containing various subphase concentrations of 
Ca2+ were very similar as well. The area of dark phase reached -18% black with 
increased 1r for each of the films. The presence of 0 or 1.64 mM Ca2 + with 0.16 
J.Lg/m.L SP-A caused an increase in the amount of dark area in PSLE monolayers 
(- 25% ). But higher 1r was required of PSLE films spread over 1.64 mM Ca2 + and 
SP-A to reach this amount. The addition of 5 mM Ca2+ and 0.16 J,Lg/mL SP-A 
appeared to decrease the amount of dark area compared to PSLE films in the absence 
of SP-A. Panel D of figure 23 is a compilation of these results. 
3.9 The Effect of C1g on PSLE Monolayers 
Pressure-Area isotherms of DPPC and DPPC containing 0.16 J.Lg/mL C1q in 
the subphase are shown in figure 24 (panel A). The mono layers were compressed 
rapidly to - 10 mN/m, expanded to 0 mN/m, then allowed to equilibrate for one 
hour. After this period, the monolayers were compressed at a fast rate (4 
A2/molecule/second). Monolayers of DPPC lift-off at - 100 A2/phospholipid 
molecule. The isotherm depicted an LE/LC phase transition at -7 mN/m, and 
further compression resulted in monolayer collapse at 70 mN/m. Extensive studies 
have been performed on monolayers of DPPC, and the results shown correlate with 
Figure 23. The %dark area of PSLE (hollow symbol) and PSLE containing 0.16 
JLglmL SP-A (filled symbol) with 0 (A), 1.64 (B) and 5 mM Ca2+ (C), with a 
compilation of data shown in panel D ( 0 ; PSLE, e; PSLE + 0.16 JLglmL SP-
A, '\1 ; PSLE + 1.64 mM Ca2 +, Y ; PSLE + 0.16JLg/mL + 1.64 mM Ca2 -r, 
0; PSLE + 5 mM Ca2 +, • ; PSLE + 0.16 .ug/mL SP-A+ 5 rnM Ca2+). Error 
bars indicate ± one standard deviation. 
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Figure 24. Pressure-Area isotherms of A) DPPC ( 0 ) and DPPC spread on a 
subphase containing 0.16 JLglmL Clq ( e ), as well as B) PSLE ( 0 ) and PSLE 
on subphases containing 0.16 p.g/mL Clq ( e ), 1.64 mM Cal+ ( '\7 ) and 0.16 
JLglmL C1q + 1.64 mM Cal+ ( ~). The monolayers were compressed in steps at 
a rate of 4 A2tmolecule/second on a subphase of 145 mM NaCI, 5 mM Tris (pH 6.9). 
The subphase temperature was 21 ± 2 oc. 
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others (Cadenhead et al.,1980; Lund-Katz et. al., 1988; Phillips and Chapman, 1968). 
The addition of C1q to the subphase did not seem to affect DPPC isothermal lift-off, 
but with increased 1r the isotherm was somewhat expanded and the LE/LC phase 
transition occurred at slightly higher 1r (- 9 mN/m). 
Pressure-Area isotherms (panel B) of PSLE, and PSLE spread over subphases 
containing 1.64 mM Ca2 + lift-off at -90 A2/phospholipid molecule, and inflect at -
45 mN/m. The presence of 0.16 JLg/mL Clq in the subphase expanded the PSLE 
monolayer. Yet, increased 1r resulted in a leftward shift and the isotherm converged 
upon the PSLE isotherm. 
Monolayer surface textures of DPPC films and DPPC + 0.16 ILglmL C1q are 
shown in figure 25. DPPC (top) at low 1r ( < 7 mN/m) was LE phase as indicated by 
the homogeneous green fluorescence. At 1r - 7 mN/m, tiny nucleation points of 
probe-excluded LC phase appeared, and these domains grew in size with increased 1r. 
Large, kidney bean domains, characteristic of DPPC monolayers were observed at 
- 16 mN/m and these LC domains came closer together at -20 mN/m (Nag et al., 
1991; von Tschamer and McConnell, 1981). With the addition of C1q to the 
subphase, the surface film showed disorganized aggregates along side the LC 
domains. The shape of the kidney bean domains did not seem to be affected by the 
presence of C1q. 
The effect of C1q on DPPC domain size distribution and %dark area is shown 
in figure 26. Clq did not appear to disturb DPPC domain size distribution (top). At 
- 9 mN/m, the LC domains were small and numerous, but the domains grew in size 
Figure 25. Monolayer surface morphology of DPPC (top) and DPPC spread over 
Clq at a subphase concentration of 0.16 JLglmL (bottom). The green background 
indicates the phase occupied by the fluorescent probe NBD-PC. Monolayers of 
DPPC were compressed incrementally at a slow rate (0.0089 A2/molecule/s) and the 
images collected are accompanied with corresponding isotherms and surface 
pressures. The images were collected using a black and white CCD camera and are 
shown in false color to convey the impression given during direct observation. The 
scale bar is 50 p.m. 
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Figure 26. The frequency size distribution (top) and %dark area (bottom) of DPPC 
films ( 0) and DPPC spread over a subphase containing 0.16 JLglmL Clq (e). At 
a particular 1r, the average number and size of dark domains was determined for each 
of the lO frames. The surface pressure is indicated for each distribution shown. 
Areas < 3 JLm2 were not included in the data. Error bars indicate ± one standard 
deviation for 10 frames analyzed at each 1r. Error bars not visualized are within the 
size limits of the symbol. 
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with increased r. At -23 mN/m, domains were as large as 1400-1500 p.rr:l. 
Mono layers of DPPC had attained 85% dark area (see bottom, figure 26) at 1r of 20 
mN/m in the presence or absence of Clq, but lower 1r was required to reach this area 
in the presence of C1q. 
Monolayer surface textures of PSLE containing 0.16 p.g/mL C1q in the 
sub phase with or without 1. 64 mM Ca2 + are shown in figure 27. Smaller domains 
were observed in PSLE monolayers in the presence of Clq (top), yet portions of the 
monolayer fields showed regions of aggregation not unlike PSLE in the presence of 
SP-A. A reorganization of dark domains into a "network" was noted in monolayer 
fields, however this network was not as extensive as those observed in the presence of 
SP-A. Increasing 1r to > 30 mN/m resulted in a change in the appearance of 
monolayer surface texture. The network was no longer observed, and tiny circular 
domains were visualized. The addition of 1.64 mM Ca2 + along with C1q (bottom), 
resulted in an enhancement in the observed "network". Closer examination between 
monolayer surface textures of PSLE in the presence of 1.64 mM Ca2 + with 0.16 
JLglmL SP-A (top) or C1q (bottom) at - 20 mN/m show very similar images (figure 
28). 
The size frequency distribution of PSLE and 0.16 p.g/mL C1q in absence (A) 
or presence (B) of 1. 64 mM Ca2 + is shown in figure 29. The size distribution of 
domains were very similar. At -10 mN/m, the domains were small. yet increased 1r 
resulted in a broader size distribution. Domains were as large as 100-200 ,.,.rrt till 1r 
of 30 mN/m. Beyond this tr, domain size was reduced. 
Figure 27. Monolayer surface morphology of PSLE containing 0.16 #Lg/mL Clq in 
the absence (top) and presence (bottom) of 1.64 mM Ca2+. The green background 
indicates the phase occupied by the fluorescent probe NBD-PC. Monolayer images 
are accompanied with corresponding isotherms and surface pressures. The images 
were collected using a black and white CCD camera and are shown in false color to 
convey the impression given during direct observation. The scale bar is 50 JLID. 
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Figure 28. Monolayer surface morphology of PSLE containing 0.16 J.Lg/ml SP-A 
(top) and Clq (bottom) with 1.64 mM Ca2+. The green background indicates the 
phase occupied by the fluorescent probe NBD-PC. The images were collected using a 
black and white CCD camera and are shown in false color to convey the impression 
given during direct observation. The scale bar is 25 p.m. 
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Figure 29. The frequency size distribution of PSLE films containing 0.16 J.LglmL 
Clq in the absence and presence of 1.64 mM Ca2+. At a particular 1r, the average 
number and size of dark domains was determined for each of the 10 frames. The 
surface pressure is indicated for each distribution shown. Areas < 3 J.Lffi2 were not 
included in the data. Error bars indicate ± one standard deviation for 10 frames 
analyzed at each 1r. Error bars not visualized are within the size limits of the symbol. 
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The %dark area of PSLE in the presence of 0.16 JLglmL C1q or SP-A with or 
without the addition of 1. 64 mM Ca2 + are compared in figure 30. The %dark area of 
PSLE containing 0.16 ILg/mL C1q in the absence (panel A) or presence of 1.64 mM 
Ca2 + (panel B) was decreased from that of PSLE films spread on subphases devoid of 
C1q. Yet, the %dark area of PSLE monolayers containing 0.16 JLglmL SP-A in the 
absence (panel C) and presence of 1. 64 mM Ca2 + (panel D) was increased from that 
of PSLE minus SP-A. 
3.10 The Role of SP-A in PS Morphology 
Electron micrographs (see figure 31) of rat pulmonary surfactant in the 
presence of 5 mM Ca2 + show the square lattice configuration that is a characteristic of 
tubular myelin. The dimensions of each square of the lattice was about 25 run in 
width. Tubular myelin like structures are not observed in pulmonary surfactant that 
has been lavaged in the absence of Ca2 + (Benson et al., 1984). 
The role of SP-A in tubular myelin formation was investigated by observing 
vesicle suspensions of PSLE (no SP-A present) + 5 mM Ca2 + by electron 
microscopy. Multilamellar bodies were observed, but the square lattice configuration 
typical of tubular myelin was absent (bottom, figure 32). Attempts at reconstituting 
tubular myelin-like structures from synthetic lipids (DPPC/POPG 7:3) and isolated 
surfactant proteins A and B in the presence of 5 mM Ca2+ were unsuccessful (top, 
figure 32). However, others have shown that tubular myelin can be synthesized in 
this manner (Williams et al. , 1991 ; Suzuki et al. , 1989). 
Figure 30. The %dark area of A: PSLE mono layers ( 0 ) and PSLE containing 
0.16 llg/mL Clq ( e), B: PSLE monolayers with 1.64 mM Ca2 + ( \7 ) and 
PSLE with 1.64 mM Ca2+ and 0.16 llglmL Clq ( ~ ), C: PSLE monolayers ( 0 ) 
and PSLE containing 0.16 llg/mL SP-A ( II }, D: PSLE monolayers with 1.64 
mM Ca2 + ( 6 ) and PSLE with 1.64 mM Ca2+ and 0.16 JLglmL SP-A ( A ). 
Error bars indicate ± one standard deviation for 10 frames analyzed at each 1r. Error 
bars not visualized are within the size limits of the symbol. 
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Figure 32. Electron micrograph of PSLE + 5 mM Ca2+ vesicles (top) and vesicles 
of DPPC/POPG 7:3 + 5 wt% SP-A + 5 wt% SP-B + 5 mM Ca2 + (bottom). 
Vesicle preparations were performed by the detergent method (Williams et al.~ 1991). 
The magnification of the top and bottom micrographs are 10,300 and 58,000X 
respectively. 
DPPC/POPG(7:3) + 5wt% SP-B + 5wt% SP-A+ 5 mM Ca 2+ 
mag. 58,000X 
PSLE 
mag. I 0,300X 
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CHAPTER 4 
DISCUSSION 
This study focused on the effect of SP-A. a surfactant-associated protein. on 
pulmonary surfactant morphology and biophysical properties. Epifluorescent 
microscopy allowed us to directly observe the effects of SP-A on PSLE monolayer 
morphology, as well as its affect on the biophysical characteristics of the monolayer. 
Epifluorescence microscopy utilizes the solubility of fluorescent probes in particular 
phases of the monolayer. For example, the fluorescent lipid probe NBD-PC localizes 
in a fluid phase due to a bulky NBD group attached to the lipid acyl chain. At 
surface pressures greater than a few mN/m, any region which excludes this 
fluorescent probe is likely to be some form of condensed phase. The small amount of 
probe used in the monolayer does not affect lipid phase transition or surface texture 
characteristics (Ahlers et al., 1990). When examining lipid-protein interactions in 
monolayers, it is advantageous to use different fluorescent dyes to label either lipid or 
protein. For instance, in our study we used the fluorescent lipid NBD-PC and Texas-
red labelled SP-A (TR-SP-A). The emission and excitation spectra of these dyes do 
not overlap. therefore both can be observed simultaneously by switching light filters. 
4.1 PSLE Isotherms and the Effect of SP-A 
The surface characteristics of PS have been studied extensively as it is directly 
applicable to the ability of the lung to expand and contract during respiration (Schiirch 
et al.9 1992; Wang et al., 1995; Yu and Possmayer9 1993). PSLE monolayers spread 
onto saline subphases do not experience a classical LE/LC phase transition as seen in 
monolayers of DPPC (Discher et a1.9 1996). A highly compressible region is 
observed at 1r- 45 mN/m9 and it is possible that non-DPPC components are excluded 
from the monolayers surface at this pressure. At 1r beyond the compressibility region 
PSLE monolayers reached 1r of 70 mN/m. Our experiments were performed at room 
temperature, and extensive PL monolayer research has shown that only phases rich in 
DPPC can attain such high 1r at this temperature (Goerke and Gonzales, 1981; Hawco 
et al., 1981; Hildebran et al. 9 1979). 
The addition of the water-soluble SP-A resulted in an expansion of the PSLE 
monolayer. The isothermal lift-off of the mono layers spread over protein was shifted 
-20 A2/phospholipid molecule to the right. The expanded state of the PSLE 
monolayer is indicative of SP-A association with the monolayer surface. It is possible 
that SP-A may be adsorbing to the air-saline interface9 or altering PSLE lipid 
orientation at the monolayer surface (Heckl et al., 1985; Perez-Gil et al. 9 1992; 
Ruano et al. 9 1998). Pressure-Area isotherms of PSLE spread over various 
concentrations of SP-A adopt a profile similar to that of PSLE in the absence of 
protein with increased 1r. This may be a consequence of the squeezing out of SP-A 
from the monolayer surface (Ruano et al"9 1998; Taneva et al.9 1995). 
PSLE monolayers spread over subphases containing 5 mM Ca2 + were not 
significantly different from monolayers spread over subphases devoid of Ca2+. The 
addition of various concentrations of SP-A to the subphase expanded the monolayer at 
low 1r and compression resulted in a decrease of phospholipid molecular area 
indicative of protein exclusion from the surface (Ruano et al.9 1998; Taneva et al., 
1995). Ca2+ may enhance the ability of SP-A to mix with monolayer films containing 
PG (Taneva et al., 1995). 
4.2 PSLE Surface Texture and Reorganization due to SP-A 
The surface textures observed in monolayers of PSLE as visualized with the 
addition of NBD-PC indicate a phase partitioning at relatively low 1r. The 
observation of probe-excluded domains between 1r range 5-30 mN!m suggests that 
these domains represent a relatively dense, ordered phase. Yet the lack of phase 
transition over this 1r range in the isotherm suggests the possibility that the ordered 
phase might not be liquid-condensed (LC) normally viewed in monolayers of pure 
lipid such as DPPC (Discher et al., 1996; Nag et al., 1998). Others have noted that 
the amount of ordered, probe-excluding phase recorded in the calf lung PSLE 
mono layers corresponds to the amount of DPPC in this compound (Discher et al., 
1996). It must be remembered that PSLE is a heterogenous mixture of lipid and 
hydrophobic lung proteins (SP-B and SP-C), and varying lipid and protein 
components may affect the apparent density of these "DPPC-rich" regions. At 1r > 
35 m.N/m, the dark domains decrease in size. This occurrence has been recorded in 
PSLE mono layers visualized by brewster angle microscopy (BAM)(Discher et ai., 
1996)9 thus arguing against the possibility that unfavourable interactions with the 
fluorescent probe cause this change in monolayer surface texture. It has been 
suggested that high 1r may result in an increase in density of the molecules in the fluid 
phase (probe-rich region) and the density of the phase where the probe was localized 
acquires similar density as that of the probe-excluded region (Discher et al., 1996). 
As a consequence9 the two phases are nearly indistinguishable with the fluorescent 
lipid probe. Observation of the PSLE monolayers using a higher magnification lens 
revealed an increase in the number of small dark domains at high 1r, but this increase 
did not account for the overall decrease in PSLE dark area recorded at the monolayer 
surface. 
The presence of SP-A in the subphase altered PSLE phase organization in a 
concentration dependent manner. The presence of 0.13 J.LglmL SP-A did not change 
the general appearance of PSLE monolayer surface texture9 yet 0.16 and 0.20 1-Lg/m.L 
SP-A had a more substantial effect on monolayer organization. It might be proposed 
that this protein concentration dependent means of lipid-protein association may be 
consequence of SP-A self-association and aggregation. A threshold SP-A 
concentration may be necessary to initiate lipid aggregation and reorganization. 
However, half-maximal self-association and aggregation of porcine SP-A require at 
least 2.36 mM Ca2+ 9 and lipid aggregation is not dependent on Ca2+ concentration 
(Ruano et al., 1996). The overall size and relative amount of dark domains in PSLE 
monolayers spread over subphases containing 0.13 JLglmL SP-A and in the absence of 
Ca2+ were not significantly different than those of PSLE alone. The reorganization of 
dark domains in the presence of higher concentrations of SP-A (0.16 and 0.20 
JLg/mL) may be a consequence of specific interactions of SP-A with the ordered phase 
lipids, particularly DPPC (Casals et al., 1993; Akino and Kuroki, 1991) of the dark 
domains. The increase in dark phase in PSLE monolayers spread over subphases 
containing 0.16 and 0.20 p.g/m.L SP-A suggests a possible lipid-protein interaction. 
As judged by eye, the intensity of the probe-excluded domains found in PSLE fllms 
was not as dark as those observed in the absence of protein in the subphase~ 
suggesting some localization of lipid probe in these areas. SP-A might selectively 
bind and disrupt ordered phase lipid, thereby expanding the lipid molecules in this 
region. Thus the apparent increase in dark area reported in PSLE films spread over 
subphases containing 0.16 and 0.20 1-tg/mL SP-A may be a consequence of expanding 
lipid molecular packing in the condensed phase, and not an increase in the total 
number of condensed phase lipids. 
The use of fluorescently labelled SP-A enabled the direct visualization of the 
proteins association with lipids in PSLE mono layers. The location of the 
fluorescently labelled protein corresponds with the location of the dark domains 
observed when the fluorescent lipid probe was used as the reporter molecule. SP-A 
preferentially absorbs to, or near the surface of, the monolayer at the ordered phase 
regions. Recent studies involving DPPC monolayers spread over subphases 
containing SP-A have shown that the protein expands the area occupied by the 
monolayer. In addition, epitluorescent studies involving the interaction of SP-A with 
monolayers of DPPC have shown that SP-A localizes at the LC/LE boundaries in 
those monolayers and decreases the size of the LC domains (Ruano et al., 1998). 
Some insight into specific protein interactions may be gained if one analyses the 
results obtained by Grainger and colleagues (1990) involving the interaction of 
phospholipase A2 with monolayers of DPPC. Phospholipase A2 hydrolysed 
monolayers of DPPC by specifically interacting with the LC/LE boundaries, and then 
unravelling the condensed domains. After a period of incubation, phospholipase A2 
was able to aggregate and form domains of pure protein at the film surface. 
However, in our study the apparent localization of fluorescent lipid probe in the 
previously dark regions as viewed by lipid probe fluorescence may suggest that the 
corresponding TR-SP-A fluorescent domains are not pure protein domains, but a 
mixture of ordered phase lipid and protein. In the case of pure DPPC monolayers, 
the increased order and density of the lipids in LC domains does not promote specific 
lipid-protein interaction with the domain interior, and this may explain the localization 
of SP-A at the boundaries of such domains. In monolayers of PSLE, the decreased 
order of lipids in the dark domain may allow the partial insertion of SP-A into the 
dark domain interior. The decrease in protein fluorescence at -rr beyond 30 mN/m 
offers evidence of the exclusion of SP-A from the film surface. 
SP-A is soluble in its native octadecameric form at low ionic strength and 
physiological pH, but it aggregates and undergoes a slight conformational change at 
physiological concentrations of Ca2 + and saline solutions (Haagsman et al., 1990). At 
physiological pH and Ca2+ concentration, SP-A may aggregate near the ordered phase 
lipids on the surface and the close proximity of the aggregated SP-A might disturb the 
orientation and density of the ordered phase lipids in these regions. Monolayer 
surface texture of PSLE films spread on subphases containing varying concentrations 
of SP-A and 5 mM Ca1 + are not significantly different from PSLE monolayers in the 
presence of 5 mM Ca1+. However, isotherms of PSLE monolayers spread over 
subphases containing SP-A and 5 mM Ca2 + indicate that the protein is inserting into 
the monolayer, or absorbing close to the surface and perturbing lipid molecules. The 
appearance of the dark domains in monolayers of PSLE seem smaller in the presence 
of both SP-A and Ca2 + than in the presence of Ca1 + alone. This slight decrease in 
size of the dark domains may be a consequence of SP-A association with lipids at the 
ordered/fluid phase boundaries (Ruano et al., 1998). Aggregated SP-A may be too 
large to allow partial insertion and association with ordered phase lipids in the dark 
domain interior as observed in PSLE monolayers at lower Ca1 + concentrations. 
Using fluorescently labelled SP-A, it was observed that in the presence of 5 mM 
Ca2 +, SP-A aggregated in the fluid phase and fluid/gel phase boundaries of the 
monolayer. The addition of 5 mM Ca2 • and varying concentrations of SP-A in the 
subphase caused a slight decrease in the total area of dark domains as visualized using 
a fluorescent lipid reporter molecule. The reduction of dark area implies an 
interaction between SP-A and ordered lipid at domain boundaries. The lipid at the 
ordered/fluid phase boundaries might be disrupted and fluidized due to the SP-A in 
the vicinity and this would account for the decrease in dark area recorded. The cation 
Ca2+ might localize in the area occupied by the anionic fluid-phase lipids, such as PG. 
The PG content of PS is about 10 wt%, but the localization of PG in the fluid regions 
of the monolayer may increase the negatively charged environment of this phase. The 
ionic interaction between Ca2 + and PG would dissipate the charge of the fluid 
environment in the monolayer and allow the insertion of the acidic protein into the 
normally acidic fluid phase. An increase in fluorescence of the labelled protein in the 
fluid phase was observed at high 1r ( > 25 mN/m), but beyond 35 mN/m monolayer 
fields randomly showed fluorescent aggregates of protein consistent with the exclusion 
of the protein from the monolayer at higher r. 
The presence of Ca2 + at a concentration of l. 64 mM is of interest for it best 
represents the hypophase environment that bathes the epithelial lining of the lung 
(Nielson et al., 1981). Isotherms of PSLE spread on subphases containing 1.64 mM 
Ca2 + in the absence or presence of 0.16 p.g/m.L SP-A shared characteristics with 
PSLE isotherms observed in the presence or absence of 5 mM Ca2 +. PSLE 
monolayer surface textures in the absence of SP-A were not altered by the addition of 
Ca2 + to the subphase. However, the presence of SP-A and 1.64 mM Ca2 + showed 
monolayer surface texture characteristics observed in PSLE films spread over both 0 
and 5 mM Ca2 + with SP-A. Previous studies have shown that the half-maximal self-
association of porcine SP-A requires 2.36 mM Ca2 + (Ruano et al., 1996), hence at 
Ca2 + subphase concentrations of 1.64 mM there may not be a complete self-
aggregation of the SP-A molecules. With subphases containing 1.64 mM Ca2 +, 
individual SP-A molecules may aggregate and reorganize lipid domains, while 
aggregated SP-A will localize in the fluid phase and at the fluid/gel phase boundaries. 
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Figure 33 illustrates a potential mechanism for SP-A association with lipids in 
mono layers of PSLE spread over subphases containing either < 1. 64 mM or 5 mM 
4.3 SP-A Oligomeric Structure and PS Interaction 
The effect of SP-A teniary structure on PSLE films was studied by comparing 
SP-A with its structural homolog~ Clq. DPPC, a major lipid component of PSLE 
was used as a control to determine specific interactions of this protein with 
phospholipid. Isotherms of DPPC monolayers spread over subphases containing 0.16 
JLglmL Clq were slightly expanded~ thus indicating an insertion of the protein at the 
monolayer surface. Images of DPPC monolayers spread over subphases containing 
the protein revealed large kidney-bean shaped domains of LC phase. Evidence of 
Clq at the monolayer surface was provided by visualization of disorganized 
aggregates amidst the LE phase. The LC domains of DPPC retained original size and 
shape~ despite the inclusion of the protein into the subphase. This suggests that Clq 
was not disturbing the organization of the LC phase lipid molecules on the surface. 
The effect of C lq on spread mono layers of PSLE was more pronounced. 
With the aide of a fluorescent lipid probe as a reporter moleculey dark domains were 
visualized which had different organization than PSLE dark domains in the absence of 
Clq. The reorganization of these domains imply that some association is occurring 
between the PSLE lipids and the Clq molecules at or near the surface of the film. 
The dark domains reorganized into a "loose network" not unlike that observed in 
PSLE films spread over subphases containing 0.16 J,Lg/mL SP-A. However, the total 
amount of dark area recorded at the monolayer surface was less than in the PSLE 
monolayers spread over subphases containing SP-A. 
The flower-like oligomeric structure of SP-A may be important for lipid-
protein interactions in monolayers of PSLE. It has been proposed that the neck 
region of SP-A monomers may be important for SP-A folding (Kuroki et al., 1994), 
and mutation studies have shown that this region is important for SP-A-lipid 
interactions (McCormack et al., 1994). The diminished interaction of mutant SP-A 
with PS lipid may be consequence of SP-A unfolding, providing an indication that the 
oligomeric structure of SP-A is responsible for an aspect of SP-A interaction with PS 
lipid. In this way, the oligomeric structure of C lq may be responsible for the lipid-
protein interaction in films of PSLE. 
4.4 Conclusions and Future Directions 
SP-A, a large, hydrophobic surfactant associated protein, plays many roles in 
the normal functioning of pulmonary surfactant. This study focused on the 
morphological and biophysical contributions of SP-A in PS function. Previous 
biophysical studies have been inconclusive in their fmdings as to the exact role of SP-
A in PS adsorption. We have proposed that SP-A may cause a reorganization of 
ordered phase domains at the air-saline interface. It might be implied that SP-A sorts 
PS material and stabilizes PS monolayers. Furthermore, SP-A may allow for the 
selective exclusion of non-DPPC components from the surface. The oligomeric 
structure of SP-A may be partly responsible for the lipid recognition and subsequent 
interaction at the air-saline interface. 
Future experiments utilizing recombinant mutants of SP-A may offer insights 
into the specific regions of this protein required for lipid-protein interactions at the 
air-saline interface. Furthermore, reconstitution of tubular myelin using these 
recombinant mutants might prove helpful in discerning the question of specific lipid-
protein interactions. 
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